A group of patients having upper abdominal surgery were studied post-operatively for radiological el,idence of early pulmonary congestion and interstitial pulmonary oedema. In addition, arterial oxygen tensions were measured. It is postulated that the accumulation of pulmonary interstitial fluid may be important in the development of post-operative hypoxaemia.
INTRODUCTION
Recently the radiological changes of early pulmonary congestion and interstitial pulmonary oedema have become better understood, and they are clearly described by Milne (1973) . As left atrial pressure rises, there is an increased flow of blood through the upper lobes, and the upper lobe veins thus become progressively more prominent on the radiograph (vascular redistribution). Interstitial oedema fluid accumulation is manifested first by blurring of vascular margins (marginal blurring) and a decrease in the radiolucency of the lung parenchyma between small vascular divisions (interstitial "veiling ").
During the last few years patients undergoing major general surgery and who have significant cardiac or pulmonary disease have been admitted to Intensive Therapy for post-operative monitoring. The frequency of these changes in their post-operative radiographs has been impressive; they are usually most marked immediately after operation and tend to diminish progressively during the first 24-48 hours post-operatively. However, as this is a highly selected group of post-operative patients, we decided to examine radiologically a series of patients undergoing routine upper abdominal surgery for the presence of signs of early postoperative pulmonary congestion and interstitial pulmonary oedema.
METHODS
Fifteen consecutive patients undergoing upper abdominal surgery on routine hospital operation lists were studied pre-operatively and on the * Specialist Critical Care Medicine.
t Specialist Radiology. first post-operative day (when it was found to be not possible to continue with the consecutive series beyond this number it was decided to terminate the investigation and examine the results). In the pre-operative examination the patients were questioned about smoking and history of cardiac or pulmonary disease. They were examined clinically and an electrocardiograph (ECG), expiratory spirogram and portable chest X-ray were performed. In the post-operative examination the chest X-ray and ECG were repeated. In addition blood gas analysis was performed both pre-and postoperatively with the patients breathing room air, a single sample being obtained from the radial artery on each occasion. Duplicate blood gas analyses were performed on each sample using a Radiometer Blood Gas Analyser. The alveolar -arterial oxygen tension gradient (A-aD0 2 mm Hg) was calculated using the following formula (Alexander et al. 1973 ) :
A-aD0 2 =PA0 2 -Pa0 2 where PA0 2 =PI0 2 -(PaC0 2 /R) PA0 2 =alveolar P0 2 PaC0 2 =arterial PC0 2 PI0 2 =inspired P0 2 R=respiratory quotient (0'8). From the pre-operative and post-operative results the change in A-aD02 mm Hg was calculated for each patient.
The pre-and post-operative ECG's were taken using the same machine throughout; there was no significant change in the postoperative ECG in any case.
The chest X-rays were performed using a standardized technique (Morton and Robertson 1971) . A frame was clipped to the patient's bed, enabling the X-ray to be taken with the patient sitting at an angle of 60°. The X-ray tube was positioned 5 ft from the plate and preoperative and post-operative films were taken on each patient using the same exposure settings of the same high quality capacitor discharge X-ray machine. The chest films were read by one of us (B.E.), who was not involved in the care of the patients and was not aware of the details of their illness or operation and the patients were classified in two groups according to the presence or absence of pulmonary congestion using the criteria described above.
RESULTS
The results are expressed m Table 1 , which is not in chronological order. Information about relevant anaesthetic agents and intravenous therapy is also included. Note that all patients were males.
Seven of the 15 patients were noted to have radiological evidence of early pulmonary congestion on the post-operative films and in general these suffered a significantly greater fall in arterial P0 2 than did those without congestion (P<0·05). Post-operative atelectasis was demonstrated in the X-rays of patients numbers 8 and 15. Patient number 7 had undergone thoracoplasty for tuberculosis 20 years previously with considerable reduction in lung volume. The post-operative film showed no congestion or atelectasis; however, there was a further reduction in lung volume and his postoperative arterial hypoxaemia almost certainly was due to airway closure at low lung volumes (Alexander et al. 1973) . The actual pre-operative and post-operative arterial P0 2 values are shown in Table 2 . It is to be noted that a potentially dangerous degree of arterial hypoxaemia was present post-operatively in several patients.
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DISCUSSION
Maier, in 1949, suggested that blood stasis in the lungs is an important aetiological factor in the development of post-operative pulmonary complications, and more recently Peters (1971) has emphasized the importance of pulmonary congestion in post-operative respiratory dysfunction. Shoemaker et al. (1967 Shoemaker et al. ( , 1971 ) have shown that central blood volume may be increased following trauma in both anaesthetized and non-anaesthetized patients, and Morton et al. (1971) have shown that pulmonary arterial end diastolic pressure (and therefore left atrial pressure) may be increased after major abdominal surgery.
Very recently Milne (1973) has compared chest radiography with pulmonary extravascular water content measurement using a double indicator dilution technique and has demonstrated a good correlation between these two investigations, thus making it possible for clinicians to monitor changes in pulmonary water content with high quality serial portable chest X-rays. According to Milne's criteria, the radiological changes observed in the seven patients reported in the present study represent an increase in pulmonary water content from an a.verage value of about 25 mljl,OOO ml of lung tIssue to an average value of about 40 mljl,OOO ml of lung tissue-an increase of over 50 per cent.
Several anaesthetic agents, especially thiopentone and halothane (Ahearn and Gray 1967) are known to have a negative inotropic effect on the myocardium which might be expected to raise left atrial pressure and encourage fluid trans~dation into. the pulmonary parenchyma. In thIS small senes of patients there did not, however, seem to be any difference in the amount and type of anaesthetic agents used in the two groups (Table 1 ). Note also that the amounts of intravenous fluid used were not excessive and were comparable in the two groups. In addition, the incidence of cardiac disease was evenly distributed. The operative procedures, however, tended to be a little more extensive in the group showing pulmonary congestion and it would be expected that these patients might demonstrate a more pronounced metabolic response to injury, in which there is a tendency to retain salt and water in the immediate post-operative period. The recent demonstration that some injured patients retain ?alt and water much more than others is of great mterest (Abrams et al. 1973 ). In addition, the possible role of an increase in pulmonary vascular permeability needs investigation.
The very high incidence of chronic lung disease, especially in the patients showing X-ray evidence of pulmonary congestion, is to be noted. This has possible aetiological significance as basal hypoxia in an acute exacerbation of chronic lung disease is known to be capable of causing blood flow diversion through the upper lobes and producing X-ray signs of pulmonary congesticn (Milne 1973) .
Post-operative respiratory dysfunction consists largely of arterial hypoxaemia and a reduction in lung compliance, the latter being predominantly due to a reduction in lung volume, the causes of which include muscle injury and spasm, abdominal distension, a possible increase in central blood volume and the development of atelectasis. Pulmonary congestion and interstitial oedema interfere little with pulmonary compliance (B0 et al. 1973) , oedema fluid having to gain access to the alveoli before it markedly compromises this aspect of pulmonary function. This is to be expected as interstitial fluid accumulates first around smaller blood vessels and bronchi (Straub et al. 1967 ) and the only disturbance of pulmonary mechanical function which this might cause is an elevation of the " closing volume" (Collins 1973) . One of the causes of post-operative arterial hypoxaemia, on the other .hand, may be an increased accumulation of pulmonary interstitial fluid leading to a disturbance in the relationship of ventilation to perfusion because of premature closure of small airways when the patient is breathing at low lung volumes in the postoperative period. ADDENDUM A further consecutive series of nine patients has been examined since this paper was submitted. Four of these patients had X-ray evidence of post-operative lung congestion. Thus in a total of 24 patients, congestive changes were present in 11 and absent in 13. The mean increases in the A-aD0 2 gradient postoperatively were 17 ·2 ± 2 . 7 mm Hg and 8·2 ±1·8 mm Hg respectively (mean±standard error of mean). This difference is statistically significant (P<O·Ol).
